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Yet, as of today, formal evidence on the role and importance of bad legacy assets in shaping banks' lending policies is hard to come by. Two main issues need to be addressed in this discussion; one is conceptual, the other methodological. First, the raw correlation between credit quality (either in stock or flow terms) and credit growth observed in aggregated data can be misleading because rising NPLs are largely the endogenous product of a prolonged economic stagnation that weakens both the demand and the supply of credit. Second, there is a good deal of confusion between the stock and the flow of NPLs as the key factor that could depress lending. The debate has focused to a great extent on the level of NPL ratios, yet often referring to arguments that are more likely to apply to variations in those ratios. The implications of higher NPL ratios and increasing NPL ratios are not necessarily the same, even from a theoretical point of view. High NPL ratios might in principle exert a permanent effect on banks via a riskier asset side, which could spur the combined influence on credit of regulatory constraints, market pressures on funding and a risk-taking mechanism. An increase in NPL ratios presumably produces an effect via profit and loss accounting, inducing banks to temporarily modify their lending policy while they adjust some quantities, notably provisions, to restore equilibrium in their balance sheets. In short, assessing whether the stock of NPLs affects credit supply involves two tasks: one is to disentangle supply and demand, the other one is to separate the related but distinct mechanisms through which stocks and flows of NPLs might affect credit.
We address the first issue thanks to the granularity of our unique dataset, where the NPL ratios of all Italian banks are merged with information on banks' balance sheets and with data on borrower-level loans to Italian firms between 2008 and 2015. Since firms typically borrow from more than one bank at the same time, we can use time-varying firm fixed effects to capture unobserved changes in borrower characteristics, and test whether banks with different credit quality behaved in a different way towards the same firm at the same point in time (Jiménez et al., 2014) . In this set up, changes in firms' profitability, creditworthiness, investment opportunities and demand 5 for funds are separately accounted for, and the significance of the indicator of credit quality -if any -can be safely interpreted as evidence of supply-side effects.
To examine the impact of the level of NPL ratios, we exploit the variability across banks and time of the share of non-performing exposures in our large panel of over 500 banks to assess how this weighs on credit. To separately account for the implications of exogenous variations in NPLs, we take advantage of the information coming from the Asset Quality Review (AQR), the in-depth supervisory credit book revision of 130 European banking groups carried out by the European Central Bank and national supervisory authorities in 2014. If the balance sheet adjustments brought about by the AQR in December 2014 were (i) not correlated with changes in firms' conditions in 2015, and (ii) not entirely anticipated by the banks that took part in it, then they can be seen as exogenous "shocks" and, as such, can help us understand whether fluctuations in NPLs are an important driver of bank lending. 1 We have two main results. First, the level of NPL ratios per se does not influence bank lending. The negative correlation between NPL ratios and credit growth over the 8 years of analysis is almost entirely driven by firm-related factors: once these are properly accounted for (in our case, via time-varying firm fixed effects), a bank's lending behavior appears to be unrelated to its NPL ratio. However, consistently with previous literature, we find that other bank-related factors such as capital ratios and size actively influence credit supply during the period under consideration.
Second, "exogenous" increases in NPLs may have a negative effect on bank lending, similarly to negative shocks to banks' capital buffers.
The fact that the NPL ratios did not matter suggests that, in our sample, their movements were largely driven by cyclical phenomena rather than by bank-specific shocks. In particular, the correlation in the data must have been caused by a deterioration in economic conditions that acted simultaneously on banks (causing the increase in NPLs) and firms (leading to a drop in profitability and a decline in the demand for loans). Of course this result might be specifically related to a period of prolonged macroeconomic weakness; in more favorable conditions with booming demand for credit the possibility that high NPL ratios might act as a drag on credit supply cannot be ruled out.
The remainder of the paper is organized as follows. In Section 2 we discuss the economics of the relation between NPLs and credit supply and we summarize the existing literature on the topic.
In Section 3 we describe our dataset. In Section 4 we present a set of stylized facts on the relation between NPLs, credit flows and bank funding costs. In Section 5 and 6 we move to a more formal econometric analysis of, respectively, the level of NPL ratios and NPL variations. The results are discussed further in Section 7. Section 8 concludes.
1 The logic and limitations of our identification strategy are discussed in detail in Section 6. 
The role of NPLs: transmission mechanisms and existing evidence
In order to examine the relation between NPLs and credit supply, it is useful to make a distinction between the impact of the level of NPL ratios and the impact of an increase of NPLs.
Simplifying to the core, evaluating how different levels of NPL ratios affect credit supply boils down to making a sort of comparative statics exercise; gauging the impact of a rise of NPLs is equivalent to assessing a transition from one state (one with lower NPL) to another (with higher NPL). Of course, the mechanisms operating in the two scenarios are connected, yet we deem this distinction particularly useful to clarify the mechanisms at work and we will use it as a guide to our analysis.
The worse quality of the balance sheet associated to a high level of the stock of NPLs could in principle affect the supply of credit through three types of channels: a mechanical accounting mechanism, by which lower credit quality ultimately affects bank capital via risk weights, an increase in funding costs stemming from heightened market pressures, and a change in the bank's risk-taking attitude.
First, high levels of NPLs imply a risky asset side. Given that intermediaries are subject to prudential regulations on capital, a worsened credit quality translates into higher risk weights on bank loan portfolios in the calculation of regulatory capital ratios as a measure to cover expected risk. To cope with increased risk weights and capital absorption banks might decide to reduce the size of their balance sheet. Furthermore, if the cost of capital becomes permanently higher due to heightened credit risk, banks might adopt a permanently lower rate of expansion of their asset base.
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A second possibility is that high-NPL banks are forced to scale down their operations by market pressure rather than deleveraging out of their own will. If a heavier burden of NPLs is taken as a sign of higher idiosyncratic risk and/or lower managerial abilities, and if this is deemed not to be fully offset by an adequate coverage ratio, then the bank's external funding costs should also be higher. In this case the higher funding costs brought about by higher NPLs can cause a decline in loan supply.
Finally, NPLs might change banks' risk attitudes. Thinly capitalized banks are more sensitive to the "risk taking channel" of monetary policy and more willing to extend credit to weak borrowers at times of low interest rates. Intriguingly, this channel pushes in the opposite direction compared to those discussed above: in this case high-NPL banks have an incentive to lend more than their 2 Under IRB (internal ratings-based approach), banks must calculate their risk weights on the basis of the losses their realize on non-performing exposures (among other factors); in this case, the managers' independent response to a rise in NPL might be reinforced by the regulatory pressure due to an increase in the capital absorption of the rest of the loan portfolio. 3 Jiménez et al. (2014). competitors -and possibly more than they should, at overly lax conditions, and/or to the wrong borrowers -following a 'gamble for resurrection' type of logic. 4 On the other hand, increases in NPLs might have different implications. An rise of NPLs, especially if large, unexpected and experienced at times of low profitability, implies a great deal of adjustment for banks, both automatic and voluntary, to restore balance sheet conditions. Most of this adjustment operates through the profit and loss account. To keep an appropriate coverage ratio -and hence protect itself against risk associated to mounting NPLs -a bank must increase loan loss provisions so to reduce its exposure to the borrowers' defaults. Higher provisions depress the bank's return on assets and, if they are large or prolonged enough, can even cause profits to become negative, depleting the capital base. In short, the readjustment on the asset side triggered by an increase in NPLs may have broadly the same implications as a decline in capital, and a depletion of the capital buffers is known to determine a contraction in credit supply.
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All in all, the lack of a well-defined theoretical framework makes it difficult to fully characterize the interactions between these mechanisms and the conditions under which each of them might operate. A higher level of NPL is likely to be associated with permanently higher risk weights and higher funding costs; its effect on credit depends on whether the bank is able to offset the contractionary pressures via adequate capitalization and coverage ratios. Since it relates to the overall solvency of the bank, the risk appetite channel might also depend on the outstanding stock of NPLs, particularly if the informational asymmetry between managers and external stakeholders are pronounced and insiders have much better information on the actual quality of the assets. On the other hand, an increase in NPL triggers mechanisms that rely on frictions that banks ought to be able to mitigate in the longer term, when they have the possibility to raise capital or adjust provisions without squeezing their profit margins too heavily.
The literature has thus far focused on the drivers rather than the implications of NPLs. These have been found to depend both on bank characteristics and on the macroeconomic performance of the economies where the banks operate. The relevance of macroeconomic dynamics highlights the key endogeneity issue that undermines any attempt to identify a causal impact of NPLs on credit supply: NPLs rise in countries and periods where economic activity stagnates and, consequently, creditworthiness is deteriorated and the demand for credit also tends to be weak. This means that a negative correlation between NPLs and credit volumes, in and by itself, means very little. The role of bank-specific factors, on the other hand, corroborates the idea that NPLs might also act as a 4 See e.g. Krugman (1998) . 5 See e.g. Froot and Stein (1998) , Van den Heuvel (2008) , Aiyar et al. (2014) . Capital buffers also matter for the transmission of monetary policy (Gambacorta and Mistrulli, 2004) . For the role of capital during crises, see Beltratti and Stultz (2012) , Berger and Bouwman (2013) , Dagher et al. (2014) . 6 Bofondi and Ropele (2011), Louzis et al., (2012) , Klein (2013) , Messai and Jouini (2013) . They are also associated with prior reductions in banks' overall cost efficiency, suggesting that the two phenomena (high costs and high NPLs) might be symptoms of a common underlying problem, such as poor managerial practices.
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As of today, however, little is known as to whether and how these factors exert any influence on banks' lending strategies. Kaminsky and Reinhart (1999) note that high NPLs are often associated with the outbreak of banking crises but both can be the result of macroeconomic forces that weaken simultaneously the banking sector and the real economy, such as strong exchange rate appreciations. Balgova et al.
(2016) study the relation between output growth and changes in NPL stocks using aggregate data on a panel of 100 countries between 1997 and 2014, finding that countries that actively reduced their NPLs typically experienced higher growth rates. Bending et al. (2014) estimate dynamics regressions using bank-level data for a sample of intermediaries from 16 European countries (excluding Italy) and document that both NPL ratios and changes in NPLs are negatively correlated with net growth in corporate and commercial loans in the following year. Cucinelli (2015) obtains a similar result for Italy, arguing that both NPLs and the loan-loss provision ratio (two similar proxies of the credit quality of the bank's portfolio) have a negative impact on the supply of bank loans. A common denominator on these works is the high level of aggregation of the data. The evidence points to a strong negative correlation between NPLs and credit; however, endogeneity problems are pervasive, and imply that moving from a statistical to a causal statement on the basis of countryor bank-level observations is fairly problematic. Against this backdrop, our main contributions to the debate are to (i) discriminate more explicitly between stocks and flows of NPLs, and (ii) exploit a loan-level dataset where identification is stronger and causality can be established with a higher degree of confidence.
Our dataset
Our analysis is based on an extensive dataset at the bank-firm level. For every firm we gather information on credit obtained by any bank operating in Italy. For every bank, in turn, we recover a large set of balance sheet indicators, including the NPL ratios. We rely on two main sources.
7 Keeton (1999) , Jiménez and Saurina (2006) . 8 Berger and De Young (1997) . 9 We consider banking groups and individual banks for those not belonging to a group.
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For bank-firm credit relationships we use information on outstanding loan amounts from the Italian Credit Register (henceforth CR), over the period from 2008 to 2015. The CR records various end-of-year information on all loans exceeding 30,000 euros. 10 We focus on all non-financial firms, including very small firms, such as sole proprietorships. Data on credit quantity consists of both granted and drawn credit; as dependent variable we focus on granted credit, as this is more responsive to supply dynamics. Loans are made of three different categories of credit: revolving credit lines, term loans and loans backed by accounts receivable.
Our firm-level dataset includes overall 500 banks and more than 2 million borrowers, totaling more than 4 million bank-firm relationships. In order to control for unobservable heterogeneity through firm-time fixed effects, in our regressions we only include firms borrowing from at least two banks. This still leaves more than 2 million bank-firm relationships, given that multiple lending is particularly common in Italy across a large set of firms (Detragiache et al. 2000, Gobbi and Sette 2014) , and therefore is not too restrictive of a condition. For computational reasons, when running our regressions, we select a random sample of about 20 per cent of this universe. Table 1 displays some basic statistics on our data. The first panel shows the average changes in log credit granted over time, corresponding to the left-hand side variable that will be used in our regressions. Credit granted to all firms decreased on average in all the years under analysis. The statistics are reported for the whole of the banking sector and for some categories of intermediaries.
In particular we look at banks that underwent the Comprehensive Assessment of 2014 (AQR banks) versus the remaining ones, and we also isolate mutual banks.
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This first distinction, as we will see later, is particularly useful to try to assess the impact of exogenous variations of NPLs on credit supply.
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We use bank-level information on a consolidated basis from the Supervisory and Statistical Reports submitted by the intermediaries to the Bank of Italy. We gather information from both balance sheet and profit and loss accounts to build some sensible indicators of banks' structure and health. The main variables that we consider are total assets, as a proxy of size, Tier 1 Ratio to capture capitalization, Return on Equity for profitability, provisions over operating profit to assess the relevance of the yearly flows of provisions on operating margins and finally the cost to income ratio as a measure of efficiency. Table 2 shows how these variables changed over the period [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , for the aggregate of the banking sector as well as across the sample split we already used for Table 1 
NPL ratios across banks and over time
We start by exploiting bank-level data to illustrate how the relation between NPLs and credit evolved in Italy over the last decade. Figure 1 documents that the aggregate NPL ratio has been rising consistently over time. The aggregate ratio of NPLs over total credit was just around 6 per cent at the outbreak of the Lehman crisis and it grew constantly reaching almost 20 per cent over the following seven years. Credit growth to the Italian economy was negative for more than half of the period under examination (Panel A). Panel B confirms that the phenomenon is particularly pronounced for loans to firms.
To provide more informative qualitative evidence we also study heterogeneity across banks.
In particular, we examine the correlation between the banks' NPL ratios measured at three specific, To check whether banks with high NPL ratios share other common balance sheet characteristics we examine next the relation between NPL ratios and some basic balance-sheet indicators. In Figures 5-7 we plot the correlation between NPL ratios and, respectively, the log of total assets, capital ratios and the cost to income ratio, focusing again on the three pivotal dates of end-2008, end-2010 and end-2015 . Figure 5 shows that up to 2010 higher NPLs were concentrated among small banks, while by 2015 they had largely increased for all banks regardless of their size.
This widespread growth is consistent with figure 4 and is another sign of the emergence of aggregate drivers of the NPLs linked to weak macroeconomic conditions. Figure 6 shows that the correlation between NPLs and capital is fairly weak and changed sign over time, with a higher concentration of NPLs in less capitalized banks at the end of our sample. Interestingly operating costs seemed to be positively correlated with credit quality at times of low NPLs, as shown in Figure 7 . Although this correlation might be caused by a number of factors, one possibility is that a higher presence of bank personnel and/or higher investments in IT might make intermediaries more capable of screening and monitoring their clientele. In 2015 cost to income ratios had become much less heterogeneous across banks with different credit quality, perhaps because the deep recession had again largely wiped off longitudinal differences in the relationship between banks' characteristics and NPL ratios.
The descriptive evidence suggests three broad remarks. First, balance sheet conditions deteriorated rapidly for most banks, with soaring NPL ratios that also affected profitability. Second, mechanisms of a prudential nature, both regulatory and self-enforced, were activated by the banks, such as raising the coverage ratio and strengthening the capital base, with the aim of increasing resilience, even at the cost of weakening current profits. Third, as we can argue from the figures, banks with high NPL ratios do not share common balance sheet characteristics. Therefore the accumulation of legacy assets across the population of banks must have been largely affected by aggregate macroeconomic conditions. These also act on the demand side of the credit market.
Hence, this conclusion is also a reminder of the difficulty of identifying the supply-side effects of NPLs.
The impact of NPL ratios on credit supply
As we said above, correlations can be informative, but only up to a point. The co-movements between banks' NPL ratios and their contemporaneous or future economic performance, including their lending behavior, can be generated by a range of mechanisms many of which do not imply a causal role for the quality of the banks' portfolios. In order to move from correlation to causation we use regression analysis. We estimate a credit supply equation where NPLs feature as a potential driver of banks' lending strategies and firm-time fixed effects are used to control for changes in observed and unobserved borrower characteristics and for changes in demand. The presence of time-varying effects at the firm level is made possible by the combination of firm-level data and multiple lending relations between banks and firms and it clearly sets our analysis apart from previous studies (see Section 2). 13 We estimate the following benchmark regression:
The dependent variable is the yearly (log) growth in credit granted by bank i to firm j at time t. The advantage of using a borrower-level dataset that includes multiple lending relations is that a time-varying borrower-specific effect α jt can be included among the regressors to control for shifts 13 The strategy was pioneered by Khwaja and Mian (2008) .
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in borrowers' characteristics, including demand. Intuitively, as long as the demand-side shocks that affect firm j (including for instance a drop in sales, or lack of investment opportunities) influence all of its lending relations in the same way, the fixed effect α jt guarantees that their influence is removed from the data and that the remaining regressors in equation (1) We introduce firm-time fixed effects in column 3, and keep them in all subsequent specifications. Even without any additional control variable, the presence of these dummies renders the NPL ratio statistically insignificant. This means that the behavior of two hypothetical banks in our sample towards a common borrower j at any time t was not influenced by their NPL ratios. We emphasize again that it is the presence of firm-level time-varying fixed effects (and hence of a bank-borrower level dataset) that makes it possible to draw this conclusion. This result is crucial in answering our first question. The lack of significance of the regressor in column 3 implies that the correlation between NPL ratios and credit growth in the data is driven by variations in borrower characteristics. These are likely to include changes in firms' riskiness, profitability and investment opportunities, all of which largely deteriorated over our estimation sample. Changes in demand could play an important role too. The demand for credit generally weakens in recessions, when firms have fewer investment opportunities and are more uncertain about their future. Furthermore, Alfaro et al. (2016) show that opaque and financially-constrained firms have a precautionary reason to reduce their debt in 'bad times' (i.e. when volatility is high). This means that credit demand does not change in the same way for all firms over the cycle. The number of financially-constrained firms increases in bad times. If these firms demand less credit for precautionary reasons, then the correlation between rising NPL and falling credit in column 2 might also be driven by demand factors, which are instead removed by the firm-time fixed effects included in column 3.
The remainder of table 3 shows that the conclusion is confirmed if relationship-related controls are added to the regression, i.e. if we account for some observable characteristics of the bank-firm relationships (Column 4). Interestingly, results hold also when taking into consideration bank-level time invariant heterogeneity, that is, when we plug also bank fixed effects (Column 5).
This is a particularly important specification, in that it controls for the different structural features of banks, such as business models, that might have played a role in affecting bank credit supply.
Column 6 presents an even more demanding specification where the usual firm-time effects are combined with bank-firm fixed effects that allow for possible unobserved non-random matching between banks and firms. The conclusion is unchanged, as NPLs ratios are again irrelevant in explaining change in granted credit.
Our descriptive statistics show that 2008-2015 was a period of rapidly changing (and mostly deteriorating) balance sheets, so it is also important to examine the relevance of other balance sheet indicators whose concurrent evolution accompanied the rise in NPL ratios. In Table 4 we expand the specification of Table 3 to introduce observable bank characteristics such as size, capital ratio and ROE. We repeat the regression with time-invariant firm fixed effects (column 1, like column 2 of the lowest-quality segment of the banks' NPLs and, as such, should capture some of the exogenous shocks that hit banks' balance sheets in our sample period. The results are reported in Table 5 . The coefficients are qualitatively similar to those obtained in the specifications based on the NPL ratios, but the bad loan rate achieves statistical significance, albeit weak, even in some of the regressions that include firm-time effects (see column 4). This is a first indication that NPL shocks might matter even if the NPL ratio per se does not. However, this regressor may still be affected by an endogeneity problem. In the next section we try to exploit the Asset Quality Review to get around this problem.
The impact of changes in NPLs on credit supply
Even if high NPL ratios do not discourage banks from lending, an exogenous variation in these ratios may push them to change their lending policies. In this case NPLs do not constitute a drag for the credit market but their fluctuations can cause a temporary contraction in the supply of credit. To examine this possibility we adopt an 'event study' approach and study lending dynamics If the balance sheet revisions associated to the AQR were at least in part (i) independent of the business cycle conditions faced by the bank borrowers in the subsequent year and (ii) unanticipated by the banks, then they can be interpreted as exogenous variations in the quality of the balance sheets and exploited to understand how (if at all) banks adjusted their lending in response to them.
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We exploit this idea in two ways.
A difference-in-difference approach
First, we consider the whole set of Italian banks and compare the lending behavior of AQR banks to that of non-AQR banks before and after the exercise, within a difference-in-difference type specification.
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As mentioned, the AQR led to an increase in provisions and requirements across the participating banks. Furthermore, the fact of being included in the review meant that these banks faced at least a non-negligible risk of having to deal with a (supervisor-driven) downward revision in the quality of their portfolios. This might have been a good enough reason to lend more conservatively. Hence, the AQR might have induced a systematic downward shift in credit supply for banks that were subjected to the review relative to those that were not. The results are reported in Table 6 . Our dependent variable is the log change in credit growth. Columns 1 and 2 show the simplest diff-in-diff specification, comparing the difference in growth over the two periods between the two subsamples of banks via a bank dummy (AQR bank) 15 Both assumptions are rather demanding. Supervisors might have taken into account the characteristics of loan portfolios following 2013, and the nature, scope and broad objective of the AQR were obviously not a surprise for the banks in any way. However, while banks used a variety of internal models, the AQR was conducted based on a shared and unique framework. This implied that supervisors had limited margins for adopting different approaches towards different banks and based most of their assessments on end 2013 balance-sheets. Furthermore, the complexity of the process and the discrepancies among models were such that banks were unlikely to be able to accurately predict the outcome of the review. The identification strategy we discuss below hinges on the presumption that there were nonnegligible differences between what the banks expected and what they observed when the process ended in December 2014. 16 The analysis is again conducted using matched bank-firm relations and firm fixed effects on the same dataset that was employed for the analysis of Tables 3-5 . 17 Moral suasion and competitive pressures might have blunted the actual difference between being inside and outside the AQR list to some extent, but it is unlikely that they made it entirely irrelevant. and a time dummy (post AQR). The positive coefficient in column 1 reveals that lending was on average higher for AQR banks and this differential pattern continued after the supervisory exercise, even when we take into account systematic bank differences by including bank fixed effects (column 2). Column 3 and 4 allow to gauge whether heterogeneity in NPL ratios induced banks to adjust their credit supply differently after the review took place. Interestingly, AQR banks still appear to have lent at higher rates on average (column 3), but not more intensely in the AQR period, as the interaction between the time and the bank dummy shows (columns 3 and 4). NPLs per se do not weaken lending growth; in fact, NPL ratios have a puzzling positive coefficient. Nevertheless, the negative interaction between NPL ratios and AQR dummy shows that AQR banks that had a higher share of non-performing exposures lent on average relatively less, supporting the case of a differentiated behavior across AQR banks based on their initial credit quality. As shown by the triple interaction in column 4, after the revisions induced by the AQR, though, the impact of NPL ratios within AQR banks seems mitigated. A possible interpretation for this is the improvement in transparency and confidence yielded by the review; however many other factors, including a relative improvement in macroeconomic conditions, could have played a role too.
The diff-in-diff specification suggests that the relation between NPL ratios and credit is not clear-cut; in most cases the share of non-performing loans becomes insignificant once demand and bank-level characteristics are properly accounted for, in line with the results in Section 5. At the same time Table 6 suggests that the AQR subsample contains a great deal of heterogeneity, which is precisely what we exploit in the next subsection.
An IV approach
The second step in our exploration of the AQR aims at identifying the impact on credit supply of an exogenous variation in NPLs. The focus of the analysis therefore shifts to two measures of changes in credit quality: the flow of provisions over operating profits (Provisions/Operating Profits) and the flow of new NPLs over total outstanding loans (NewDefault rate). Since we are after the effect of a variation in credit quality, these flow measures are more informative than the underlying NPL ratios.
The revisions in banks' balance sheets related to the AQR exercise provide a valuable instrument for the change in credit quality recorded in 2014-15. For the 15 Italian banking groups that were subjected to the AQR we use both reclassifications from performing to non-performing portfolios and additional provisions set aside as a result of the review. These figures allow us to build our two instruments: two measures of (AQR-related) changes in provisions and in NPL ratios.
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We use the two following specifications: We analyze Provisions/Operating Profits first. In order to focus on its exogenous variation we instrument the regressor using alternatively two of the official outcomes of the AQR, namely (i) provisions, expressed in basis points or as share of total assets, and (ii) variations in NPL ratios associated with the reclassifications of loans to non-performing categories. The results are reported in Table 7 . The regressions are estimated both with and without bank characteristics and include the usual set of relationship controls. The coefficient of interest is negative and significant in four specifications out of six (see columns 3 to 6). This suggests that the negative adjustments that banks had to make after the AQR did have a negative impact on lending.
In Table 8 we replicate the analysis using the New Default rate as a regressor instead of the ratio of provisions to profits and instrumenting it with the variations in provisions and the variations in NPL ratios brought about by the supervisory revision. As in the previous case, the exogenous variation in default rates -as captured by the IV strategy -has a broad negative impact on credit growth in four out of six specifications.
Discussion of the results
The instrumental variable estimates discussed in Subsection 6.2 suggest that exogenous shocks to the banks NPL ratios can indeed have a negative impact on credit supply. The opposite conclusion would be very surprising. If and when they occur in a genuine ceteris paribus setupi.e. holding fixed banks' coverage and capital ratios, their lending opportunities, etc. -NPL shocks indeed are intuitively similar to other negative "exogenous" shocks that impair capitalization, liquidity or profitability. These shocks have been documented in the literature to be relevant for credit supply, and assessing their specific repercussions is beyond the specific focus of our paper 19 ; our analysis shows that exogenous shocks to credit quality go in the same direction. At the same time, the regressions with firm-time fixed effects presented in Section 5.1 show that the link between NPL ratios and credit growth in the data becomes very tenuous (in fact non-existent) if the specification is rich enough to control properly for changes in observed and unobserved borrower conditions. This finding is a signal that a decline in firms' profitability, investment opportunities and demand for credit might be the key common factors behind both the rise in NPLs and the drop in credit flows. Demand might have played an important role too. At times of high economic uncertainty, firms are known to invest less, which causes a decrease in their need for external funding. Furthermore, firms that are exposed to the risk of losing access to credit markets voluntarily engage in deleveraging with the aim of enhancing their resilience to adverse idiosyncratic shocks.
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Taken together, this evidence suggests that, although important in principle, exogenous NPL shocks must have played in practice a relatively minor role in Italy over the last decade. If the NPL ratios had been fluctuating under the influence of exogenous shocks to the banks' balance sheets (as those associated to the AQR), then based on the IV results we would expect them to be a significant driver of bank lending in our full-sample regressions. Clearly, that is not the case. A corollary of this conclusion is that the NPL ratio in and of itself is unlikely to constitute a problem. Banks are 19 See e.g. Peek and Rosengren (2000) , Khwaja and Mian (2008) , Peydrò (2010) and Mora and Logan (2012) . Although we do not identify specific shocks to capital or profitability, we use these balance sheet indicators as bank-level controls and find that the Tier 1 ratio has a positive effect on credit even after controlling for time-varying firm characteristics (see table 4 ). This confirms that capital is a relevant driver of bank lending in our sample too, as predicted by this strand of research. 20 Alfaro et al. (2016) .
equipped to deal with non-performing exposures, and in a static situation (i.e. barring shocks) the ratio would not snuff credit out irrespective of its level.
Finally, our diff-in-diff analysis of the AQR can be read as a way of checking what was the relevance of genuine NPL shocks, or more generally the relative role of supply and demand factors, in the delicate transition faced by the Italian economy between 2012 and 2014. Our results show that, despite the causal effects revealed by the IV estimates, the AQR did not, all in all, decrease the supply of bank credit. The negative impact of the review on the key balance sheet items, including non-performing exposures, must have been quantitatively limited and more than compensated by the positive impact of higher confidence and transparency.
We focus on the intensive margin of credit. NPLs might of course also influence credit supply along other dimensions, for instance making loans more expensive or causing rationing problems.
Although it seems unlikely that these would vary leaving credit quantities unchanged, a more thorough investigation of these possibilities would certainly be a worthwhile extension of our work.
Where does this leave the debate on NPLs? If (i) the correlation between NPL ratios and credit flows is largely endogenous, and (ii) the ratios only really 'matter' when they fluctuate for exogenous reasons, it follows that any statement on whether or not NPLs constitute a problem should be made conditional on a clear identification strategy and a reliable estimate of the nature and size of the shocks faced by banks. Our empirical results do not extend of course to other economies, nor necessarily to different historical episodes, but they clearly illustrate the crucial role of identification in making causal statements on the relation between NPLs and credit dynamics 21
Conclusions
The steep increase in non-performing bank loans ( To investigate the linkage between NPLs and the supply of bank credit, we construct a rich dataset that includes the universe of Italian banks and the evolution of their lending relations with 2.5 million borrowers over the last 8 years. The availability of loan-level information from the Italian Credit Register allows us to control thoroughly for changes in the demand for credit: in particular, we can zoom in on firms that were borrowing from more than one bank at once and check whether they systematically obtained less funds from lenders that were burdened by a higher NPL ratio. We also exploit for identification purposes the Asset Quality Review (AQR) carried out by the European Central Bank in close cooperation with supervisory authorities in 2014.
Supervisors forced a number of adjustments to bank balance sheets which, being out of the control of the banks, can be seen as an "exogenous" source of variation in NPLs.
We find that, although exogenous shocks to NPLs can indeed cause a decline in credit supply, the correlation between NPLs and credit in our data is almost entirely driven by demand-side effects. Once these are accounted for, NPL ratios have no discernible influence on banks' lending strategies. Our analysis also suggests that the overall impact of the AQR on bank lending was positive rather than negative. At the margin, the revisions in write-downs and NPLs imposed by the supervisors were bad news for both banks and borrowers; but bank lending rose in aggregate terms after 2014, possibly on account of the decrease in uncertainty generated by the evaluation exercise.
In the current conjuncture improving resilience and rebuilding confidence in the banking sector remains a critical policy objective, both in Italy and elsewhere. Addressing legacy assets is an important part of this process. However, our work suggests that NPLs are an easy but unlikely culprit for the weak credit flows observed in the past years, and that their role in shaping bank behavior might be easily overestimated. Our results also suggest that forcing banks to liquidate NPLs may not be the best option to kick-start credit. It might even be counterproductive; if the liquidation of the NPLs generates losses that are large enough to reduce the banks' capital ratios, then, given that NPLs do not seem to matter while capital certainly does, the net impact of the sale on credit supply might be negative rather than positive. NPL ratio is the ratio of non-performing loans to total loans. Coverage ratio is the ratio of loan loss provisions to non-performing loans. Total assets is an average value in millions of euros. T1 ratio is the ratio of tier 1 capital to risk-weighted assets. Leverage ratio is the ratio of equity to total assets. Cost-income ratio is the ratio of operational expenses to gross income. Loan loss provisions to operating profit is the ratio of loan loss provisions to income net of operating expenses. RoE is the ratio of net profit to equity. 
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